**Core tip:** For gastric cancer, uncut Roux-en-Y gastrojejunostomy after distal gastrectomy is still the most important treatment. However, the enhanced recovery after surgery (ERAS) protocol for the safety of gastric surgery is not clear. Therefore, we conducted a long-term follow-up and observation with a large sample. Our study demonstrated that the use of the perioperative ERAS program for total laparoscopic uncut Roux-en-Y gastrojejunostomy after distal gastrectomy is safe and effective and should be popularized.

INTRODUCTION
============

Enhanced recovery after surgery (ERAS) is a concept promoted by some countries in Europe and America in recent years\[[@B1],[@B2]\]. It can shorten the hospitalization time and improve the recovery rate after surgery\[[@B3]\]. This concept has been used by surgical centers in Europe and America for herniorrhaphy\[[@B4]\], gastrointestinal surgery\[[@B5],[@B6]\], gynecologic operations\[[@B7]\], and other applications. The ERAS concept emphasizes the reduction of postoperative stress and trauma to the patient due to the surgery during the perioperative period, thereby promoting the rehabilitation of patients\[[@B8]\].

The uncut Roux-en-Y gastrojejunostomy closure of the proximal jejunum without interruption is based on Billroth II + Braun anastomosis. It was first reported by Van Stiegmann et al\[[@B9]\] in 1988. Then, Uyama et al\[[@B10]\], in 2005, and Ahn et al\[[@B11]\], in 2014, reported laparoscopic-assisted and single-incision laparoscopic non-interrupted Roux-en-Y anastomoses. The incidence of Roux stasis syndrome (RSS) is 10%-30% after traditional Roux-en-Y anastomosis\[[@B12],[@B13]\]. The advantages of the uncut Roux-en-Y gastrojejunostomy during digestive tract reconstruction include a reduction of the steps involved in freeing the jejunum during the operation, reduced mesangial damage and interference, retention of nerves and normal pacemakers, and significantly reduced occurrence of RSS. Thus, for obese patients or those with short-term mesothelioma, the procedure is particularly applicable\[[@B14],[@B15]\].

This study evaluated the safety and feasibility of ERAS in the uncut operation.

MATERIALS AND METHODS
=====================

This study was approved by the Ethics Committee of the Second Hospital of Shandong University. Patients or their families signed informed consent forms.

Participants
------------

A total of 42 consecutive patients undergoing total laparoscopic uncut Roux-en-Y gastrojejunostomy after distal gastrectomy (uncut operation) from July 2015 to November 2016 at the Second Hospital of Shandong University in China were included in this study. The data were analyzed in a retrospective cohort study. The patients were randomly divided into an ERAS group and a control group. No significant difference was found between the two groups in sex, age, body mass index, or operation method (Table [1](#T1){ref-type="table"}) (*P* \> 0.05). Throughout the study period, the same group of surgeons treated all patients and were responsible for all procedures, including the surgical techniques as well as the choice of surgical instruments.

###### 

Clinical information of the patients

  **Clinical information**                **ERAS group (*n* = 20)**   **Control group (*n* = 22)**   **Statistics**   ***P* value**
  --------------------------------------- --------------------------- ------------------------------ ---------------- ---------------
  Age (yr, mean ± SD)                     71.5 ± 8.1                  72.9 ± 6.7                     *t* = 0.613      \> 0.05
  Sex (male/female)                       14/6                        17/5                           χ^2^ = 0.287     \> 0.05
  Body mass index, (kg/m^2^, mean ± SD)   23.6 ± 3.4                  22.8 ± 4.6                     *t* = 0.636      \> 0.05

ERAS: Enhanced recovery after surgery.

Inclusion and exclusion criteria
--------------------------------

The inclusion criteria were: (1) Age ≥ 18 yr old; (2) Patients who preferred to undergo uncut surgery; (3) Gastrointestinal biopsy and CT examination confirmed gastric malignant tumors before the operation. The clinical stage was assessed by CT examination and found to be T~1-3~N~1-3~M~0~ (7^th^ edition of the UICC-AJCC TNM classification of gastric cancer); and (4) No significant swollen fusion of metastatic lymph nodes was present. The exclusion criteria were: (1) Patients who refused to participate in the study; (2) Patients who had serious underlying diseases; (3) Patients with distant metastases or unresectable tumors; (4) Patients who had serious complications and could not continue to undergo the ERAS procedure; (5) Patients who had a history of other major abdominal surgeries; and (6) Patients who underwent neoadjuvant therapy before surgery.

Perioperative treatment program
-------------------------------

Patients in the ERAS group underwent a series of perioperative treatment regimens. The control group underwent a conventional perioperative treatment protocol (Table [2](#T2){ref-type="table"}). After routine resection of the D2 group lymph nodes, the duodenum was cut 2 cm from the pylorus, and the stomach was cut 5 cm from the upper edge of the tumor. Then, a side-to-side gastrojejunostomy was performed on the jejunum, which was approximately 20 cm from the ligament of Treitz and the residual stomach (Figure [1A](#F1){ref-type="fig"}). Approximately 10 cm to 30 cm distal to the ligament of Treitz, a side-to-side jejunojejunostomy *via* a Braun anastomosis was performed to divert the duodenal fluid (Figure [1B](#F1){ref-type="fig"}). The jejunal occlusion site (uncut reconstruction) was approximately 3 cm from the jejunum (Figure [1C](#F1){ref-type="fig"}). A schematic diagram of the uncut reconstruction is shown in Figure [1D](#F1){ref-type="fig"}.

![Series of perioperative treatment. A: Gastrojejunostomy; B: Braun anastomosis; C: Uncut reconstruction; D: Schematic diagram of the uncut reconstruction.](WJG-24-504-g001){#F1}

###### 

Perioperative treatment program

  **Perioperative treatment program**   **ERAS Group**                                                                                                                                                                          **Control group**
  ------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------
  Preoperative                                                                                                                                                                                                                  
  Preparation                           ERAS-related health education to alleviate tension in patients performed by both surgeons and anesthesiologists. The definition of the visual analog scale was explained to patients.   Regular preoperative education and preoperative conversation only with surgeons, and the definition of the visual analogue scale was explained to patients.
  Diet                                  Patients drank 1000 mL of a 10% glucose solution 10 h before surgery and 500 mL of the 10% glucose solution 2 h before surgery.                                                         Fasting for 12 h before surgery No drinking for 6 h before surgery
  Bowel preparation                     None                                                                                                                                                                                    The bowel was cleaned twice the day before surgery and the day of surgery.
  Intraoperative                                                                                                                                                                                                                
  Nasogastric tube                      Not used                                                                                                                                                                                Removed after exhaust
  Body temperature                      Intraoperative warm-air body heating                                                                                                                                                    None
  Urinary catheter                      Removed after waking from anesthesia                                                                                                                                                    1 d after surgery
  Postoperative                                                                                                                                                                                                                 
  Anesthesia and analgesics             Local anesthesia at surgical incision + PCIA + NSAIDs                                                                                                                                   PCIA
  Diet                                  Patients chewed gum after waking from anesthesia, drank water 6 h after surgery, and were encouraged to remain on a liquid diet until return to a normal diet.                          Patients drank water after anal exhaust and gradually returned to a normal diet.
  Activity                              Patients were encouraged to get out of bed for more than 6 h a day and walk the length of the ward.                                                                                     Decided by patients

ERAS: Enhanced recovery after surgery.

Observation indexes
-------------------

Observation indicators included: (1) Operation conditions, including operative time, blood loss, and conversion to open surgery; (2) Postoperative clinical indexes, including time to initial anal exhaust, time to initial liquid diet intake, time to out-of-bed activity, time to initial defecation, time to abdominal drainage tube removal, duration of hospital stay of patients without complications, early postoperative complications, and visual analogue scale scores on the first and third days after the operation; and (3) Postoperative serum stress indexes, including detection of the white blood cell count (WBC) and C reactive protein (CRP) and interleukin-6 (IL-6) levels at 1 d and 3 d after the operation.

Statistical analysis
--------------------

Statistical analyses were performed with SPSS 19.0. Measurement data following a normal distribution are presented as mean ± SD and were analyzed by *t*-test. A *P*-value \< 0.05 was considered statistically significant.

RESULTS
=======

Operation conditions
--------------------

The operative time (*t* = 0.422), volume of intraoperative blood loss (*t* = 2.006), and number of patients with conversion to open surgery (χ*^2^* = 0.01) were not significantly different between the two groups (*P* \> 0.05 for all), which indicated that the ERAS program did not affect the surgical results, as illustrated in Table [3](#T3){ref-type="table"}.

###### 

Operation conditions

  **Operation parameter**                               **ERAS group (*n* = 20)**   **Control group (*n* = 22)**   **Statistics**   ***P* value**
  ----------------------------------------------------- --------------------------- ------------------------------ ---------------- ---------------
  Operative time (min, mean ± SD)                       217.9 ± 52.5                225.4 ± 61.7                   *t* = 0.422      \> 0.05
  Volume of intraoperative blood loss (mL, mean ± SD)   166.1 ± 12.5                150.9 ± 31.7                   *χ*^2^ = 2.006   \> 0.05
  Open surgery                                          2                           1                              *t* = 0.01       \> 0.05

ERAS: Enhanced recovery after surgery.

Postoperative clinical observations
-----------------------------------

The time to initial anal exhaust, time to initial liquid diet intake, time to out-of-bed activity, duration of hospital stay of patients without complications, and visual analog scale score on the first and third days after the operation were 2.9 ± 1.1 d, 1.6 ± 0.7 d, 2.3 ± 0.8 d, 7.5 ± 1.6 d, 4.0 ± 1.4, and 3.5 ± 1.8, respectively, in the ERAS group and 3.7 ± 1.4 d, 4.1 ± 1.1 d, 4.2 ± 3.2 d, 10.2 ± 2.1 d, 5.4 ± 1.6, and 4.8 ± 1.5 in the control group, respectively, resulting in statistically significant differences between the two groups (*t* = 2.045, 8.685, 2.580, 4.650, 2.361, and 2.551, respectively; *P* \< 0.05 for all). However, the time to initial defecation, time to abdominal drainage-tube removal, and the early postoperative complications were not significantly different between the two groups.

The rates of anastomotic leakage, postoperative ileus, pneumonia, cardiac disorders, and overall complications did not significantly differ between the two groups, which indicated the safety of the procedure. In addition, the perioperative ERAS program effectively reduced the pain and hospitalization time of patients. Overall compliance with ERAS protocols was good, as illustrated in Table [4](#T4){ref-type="table"}.

###### 

Postoperative clinical indexes

  **Index**                                                                    **ERAS group (*n* = 20)**   **Control group (*n* = 22)**   **Statistics**   ***P* value**
  ---------------------------------------------------------------------------- --------------------------- ------------------------------ ---------------- ---------------
  Time to initial anal exhaust (d, mean ± SD)                                  2.9 ± 1.1                   3.7 ± 1.4                      *t* = 2.045      \< 0.05
  Time to initial liquid diet intake (d, mean ± SD)                            1.6 ± 0.7                   4.1 ± 1.1                      *t* = 8.685      \< 0.05
  Time to out-of-bed activity (d, mean ± SD)                                   2.3 ± 0.8                   4.2 ± 3.2                      = 2.580          \< 0.05
  Time to initial defecation (d, mean ± SD)                                    4.2 ± 1.7                   4.9 ± 2.0                      *t* = 1.216      \> 0.05
  Time to abdominal drainage tube removal (d, mean ± SD)                       7.3 ± 2.6                   8.7 ± 3.2                      *t* = 1.546      \> 0.05
  Duration of hospital stay of patients without complications (d, mean ± SD)   7.5 ± 1.6                   10.2 ± 2.1                     *t* = 4.650      \< 0.05
  Early postoperative complications                                            1                           1                              *χ*^2^ = 0.430   \> 0.05
  VAS POD1 (points, mean ± SD)                                                 4.0 ± 1.4                   5.4 ± 1.6                      = 2.361          \< 0.05
  VAS POD3 (points, mean ± SD)                                                 3.5 ± 1.8                   4.8 ± 1.5                      = 2.551          \< 0.05

ERAS: Enhanced recovery after surgery; POD: Postoperative day.

Postoperative serum stress indexes
----------------------------------

Postoperative serum stress indexes are summarized in Table [5](#T5){ref-type="table"}. On the first and third days after the operation, the WBC and CRP and IL-6 levels in the ERAS group were significantly lower than those in the control group, which suggested that the ERAS program significantly reduced the postoperative stress responses.

###### 

Postoperative serum stress indexes

  **Stress index (mean ± SD)**   **ERAS group (*n* = 20)**   **Control group (*n* = 22)**   **Statistics**   ***P* value**
  ------------------------------ --------------------------- ------------------------------ ---------------- ---------------
  WBC POD1 (× 10^9^/L)           12.7 ± 3.1                  15.2 ± 4.2                     *t* = 2.176      \< 0.05
  WBC POD3 (× 10^9^/L)           9.5 ± 2.6                   12.4 ± 3.3                     *t* = 3.141      \< 0.05
  CRP POD1 (mg/dL)               7.5 ± 2.9                   11.2 ± 3.4                     = 3.775          \< 0.05
  CRP POD3 (mg/dL)               5.3 ± 3.1                   7.3 ± 2.8                      = 2.197          \< 0.05
  IL-6 PDO1 (pg/dL)              55.2 ± 21.9                 85.7 ± 35.6                    *t* = 3.303      \< 0.05
  IL-6 POD3 (pg/dL)              20.3 ± 5.7                  24.1 ± 6.2                     *t* = 2.061      \< 0.05

ERAS: Enhanced recovery after surgery; POD: Postoperative day; WBC: White blood cell count; CRP: C reactive protein; IL-6: Interleukin-6.

DISCUSSION
==========

Currently, it is unclear whether the introduction of the ERAS concept benefits the Chinese population. Gastrectomy involving the reconstruction of the digestive tract is extremely specialized, and the application of ERAS after gastrectomy is uncommon. In the present study, the ERAS protocol was novel for gastric surgery\[[@B16]\]. However, the ERAS concept advocates giving patients adequate preoperative preparation (good preoperative communication, nutritional treatment, and comfortable gastrointestinal preparation) to reduce preoperative stress\[[@B17],[@B18]\] The use of warming, planned rehydration, and increased postoperative analgesia after surgery reduces postoperative traumatic stress responses\[[@B16]\]. The ERAS concept emphasizes that patients get out of bed, ingest a liquid diet, and undergo removal of the gastrointestinal decompression tube and catheter earlier to promote postoperative intestinal function recovery and accelerated rehabilitation\[[@B19],[@B20]\]. In the present study, we demonstrated that the ERAS concept can be applied for gastric cancer treatment. This concept can help achieve faster patient recovery without increasing postoperative morbidity.

Surgical treatment of gastric cancer consists of two important parts. The first part is tumor resection. At present, the use of D2 radical surgery has achieved consensus in the field. The second part is the reconstruction of the digestive tract. Due to the development of chemotherapy and targeted drugs, the survival of patients with gastric cancer has significantly improved\[[@B21],[@B22]\]. The uncut Roux-en-Y gastrojejunostomy after distal gastrectomy does not involve cutting the jejunum, which reduces the time needed for dissociation of the jejunum. Therefore, the blood supply of the jejunum remains intact, which reduces intraoperative bleeding and ensures that the function of the intestinal wall nerve is not damaged\[[@B12],[@B13]\]. Simultaneously, this technique can reduce the incidence of RSS\[[@B23],[@B24]\]. Scholars worldwide have applied the coincidence method to endoscopic assisted gastrointestinal reconstruction and total laparoscopic digestive reconstruction and confirmed its safety and effectiveness\[[@B10],[@B25]\]. Uncut surgery in conjunction with the ERAS concept can achieve early recovery in patients.

In this study, the perioperative administration of the ERAS concept showed obvious advantages when intraoperative parameters, postoperative clinical indicators, and postoperative stress responses were compared. The ERAS concept of perioperative treatment significantly shortened the hospital stay after surgery (approximately 2.7 d), significantly improved patient comfort during the perioperative period, and reduced pain without increasing the operating time and blood loss during surgery. The time to initial liquid diet intake, time to out-of-bed activity, and time to postoperative gastrointestinal function recovery were significantly shorter than those in the control group under the premise of the same recovery effect\[[@B26],[@B27]\]. Additionally, the ERAS concept can effectively reduce the level of postoperative stress in patients. However, some reports have suggested that a delayed return to a normal diet can reduce the incidence of gastrointestinal anastomotic fistula\[[@B28]\]. However, most patients in the study were able to tolerate early postprandial feeding. A large-sample, multicenter, randomized controlled study confirmed the safety for patients with upper gastrointestinal tract surgery to begin a normal diet early. Further research regarding whether the ERAS concept has potential benefits for other patients is necessary. The above results show that health education, the development of a detailed diet, and encouraging patients to eat as soon as possible can effectively promote recovery and shorten hospital stay.

In conclusion, through the optimization and improvement of the traditional perioperative treatment program in this study, our results suggest that the use of the perioperative ERAS program for total laparoscopic uncut Roux-en-Y gastrojejunostomy after distal gastrectomy is safe and effective and should be popularized. This program can also reduce the duration of the hospital stay and improve the degree of comfort and satisfaction of patients.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

For gastric cancer, uncut Roux-en-Y gastrojejunostomy after distal gastrectomy is still the most important treatment. However, the safety of enhanced recovery after surgery (ERAS) protocol for gastric surgery is not clear.

Research motivation
-------------------

Only a few studies have focused on the use of the perioperative ERAS program for total laparoscopic uncut Roux-en-Y gastrojejunostomy after distal gastrectomy. It is unclear whether introduction of the ERAS concept benefits the Chinese population.

Research objectives
-------------------

This study aimed to evaluate the safety and feasibility of ERAS for total laparoscopic uncut Roux-en-Y gastrojejunostomy after distal gastrectomy. We can use the ERAS protocol for these patients to reduce the duration of the hospital stay and improve the degree of comfort and satisfaction of patients.

Research methods
----------------

The clinical data of 42 patients who were divided into a control group of 22 patients and an ERAS group of 20 patients were collected. The observed indicators included operation conditions, postoperative clinical indexes, and postoperative serum stress indexes. Measurement data following a normal distribution are presented as mean ± SD and were analyzed by *t*-test. Count data were analyzed by chi-squared test.

Research results
----------------

The operative time, volume of intraoperative blood loss, and number of patients with conversion to open surgery were not significantly different between the two groups. Postoperative clinical indexes, including the time to initial anal exhaust, time to initial liquid diet intake, time to out-of-bed activity, and duration of hospital stay of patients without complications, were significantly different between the two groups. However, the time to initial defecation, time to abdominal drainage-tube removal, and the early postoperative complications were not significantly different between the two groups. Regarding postoperative complications, on the first and the third days after the operation, the white blood cell count and C reactive protein and interleukin-6 levels in the ERAS group were significantly lower than those in the control group.

Research conclusions
--------------------

We found that the perioperative ERAS program for total laparoscopic uncut Roux-en-Y gastrojejunostomy after distal gastrectomy is safe and effective and should be popularized. In this study, we carried out long-term follow-up and prognosis analysis of patients with gastric cancer who received uncut Roux-en-Y gastrojejunostomy after distal gastrectomy at our center to provide a theoretical basis for prognosis improvement of the patients.

Research perspectives
---------------------

From this study, we can find that ERAS can be used not only for herniorrhaphy, gastrointestinal surgery, gynecologic operations, and other applications, but also for gastric surgery. The direction of the future research is that an effective perioperative management program specific for gastric cancer is needed to be developed. The best method is to conduct a large-scale clinical trial to verify it.
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